Locking compression plate osteosynthesis of complicated mandibular fractures in six horses by Kümmerle, Jan Michael et al.
University of Zurich





Locking compression plate osteosynthesis of complicated
mandibular fractures in six horses
Kuemmerle, Jan M.; Kummer, M.; Auer, J.A.; Nitzl, D; Fürst, A.
Kuemmerle, Jan M.; Kummer, M.; Auer, J.A.; Nitzl, D; Fürst, A. (2009). Locking compression plate osteosynthesis




Posted at the Zurich Open Repository and Archive, University of Zurich.
http://www.zora.uzh.ch
Originally published at:
Veterinary and Comparative Orthopaedics and Traumatology (V.C.O.T) 2009, 22:54-58.
Kuemmerle, Jan M.; Kummer, M.; Auer, J.A.; Nitzl, D; Fürst, A. (2009). Locking compression plate osteosynthesis




Posted at the Zurich Open Repository and Archive, University of Zurich.
http://www.zora.uzh.ch
Originally published at:
Veterinary and Comparative Orthopaedics and Traumatology (V.C.O.T) 2009, 22:54-58.
Locking compression plate osteosynthesis of complicated
mandibular fractures in six horses
Abstract
Complicated mandibular fractures were recognised in one foal, one pony and four horses. The foal was
two months old while the adult animals ranged in age from 12 to 24 years. Three horses had a unilateral
horizontal ramus fracture. Two fractures were open and one was closed. Comminution was present in
one of these patients while lthe other two horses had marked displacement of the fragments. Two
suffered from comminuted fractures of the horizontal and vertical ramus of the mandible. One of these
patients had open and infected fractures. One foal had a bilateral horizontal ramus fracture with mrked
periosteal "new bone" formation and malalignement which required corrective osteotomy. Each horse
underwent locking compression plate (LCP) osteosynthesis consisting of open fracture reduction and
application of one to three 4.5/5.0 mm LCP at the ventral, lateral or caudal aspect of the mandible under
fluoroscopic control. Two 3.5 mm LCP were used in the foal. Plate fixation was supported by
application of a cerclage wire construct between the incisor and premolar teeth in most patients.
Complete fracture healing, with excellent functional and cosmetic outcome was achieved in all of the
patients. Complications encountered included seroma formation, screw and wire breakage, as well as
implant and apical tooth root infections. The LCP was removed after fracture healing had occurred in
four patients.
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Summary 
Complicated mandibular fractures were recognised in 
one foal, one pony and four horses. The foal was two 
months old while the adult animals ranged in age from 
12 to 24 years. Three horses had a unilateral horizon-
tal ramus fracture. Two fractures were open and one 
was closed. Comminution was present in one of these 
patients while the other two horses had marked dis-
placement of the fragments. Two suffered from com-
minuted fractures of the horizontal and vertical ramus 
of the mandible. One of these patients had open and 
infected fractures. One foal had a bilateral horizontal 
ramus fracture with marked periosteal ‘new bone’ 
formation and malalignement which required corrective 
osteotomy. Each horse underwent locking compression 
plate (LCP) osteosynthesis consisting of open fracture 
reduction and application of one to three 4.5/5.0 mm 
LCP at the ventral, lateral or caudal aspect of the man-
dible under fluoroscopic control. Two 3.5 mm LCP were 
used in the foal. Plate fixation was supported by appli-
cation of a cerclage wire construct between the incisor 
and premolar teeth in most patients. Complete fracture 
healing, with an excellent functional and cosmetic out-
come, was achieved in all of the patients. Compli-
cations encountered included seroma formation, screw 
and wire breakage, as well as implant and apical tooth 
root infections. The LCP was removed after fracture 
healing had occurred in four patients. 
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Introduction 
The mandible is the most commonly frac-
tured bone in the equine head. They are clas-
sified as fractures that involve the incisive 
region, the interdental space, the caudal 
horizontal ramus or the vertical ramus (1).  
Surgical repair is indicated in cases of 
unstable, displaced or bilateral fractures, 
malocclusion or the inability to eat and 
drink. Surgical fixation techniques include: 
intraoral wiring, intraoral wiring with acryl-
ic reinforcement, screws and wires, intrao-
ral application of a U-bar brace, external 
fixators and internal fixation using lag 
screws or plates (2). Amongst all of the tech-
niques, it is plate fixation that provides the 
most stable construct (3) and is appropriate 
for unstable fractures of the interdental 
space and fractures located in the caudal 
horizontal or vertical ramus of the man-
dible. However, plate fixation of equine 
mandibular fractures is mentioned only 
sporadically in the literature (4, 5) and, apart 
from one case report (6), is limited to the use 
of dynamic compression plates (DCP). The 
object of this paper is to report on a series of 
complicated equine mandibular fractures 
treated with the new locking compression 
plate (LCP) system.  
Materials and methods 
The medical records of all of the horses suf-
fering from complicated mandibular frac-
tures treated with LCP fixation at the 
Equine Hospital, Vetsuisse Faculty, Univer-
sity of Zurich, were reviewed for this case 
series. A clinical and radiographic follow-
up examination was performed in all pa-
tients two to eight months after surgery. 
Further information was obtained via tele-
phone interview of the owners. 
LCPa (Fig. 1) application followed the 
same principles in all of the patients. The 
surgery was performed with the horse posi-
tioned in dorsal recumbency while being 
maintained under general anaesthesia. A 
longitudinal incision was made down to the 
bone over the affected area of the mandible. 
After debridement and lavage, open fracture 
reduction was performed. Small, loose bone 
fragments were removed while larger frag-
ments were attached to the mandible using 
3.5 mm cortex screws applied in lag fashion. 
4.5/5.0 mm LCP (except for case 6 where 
3.5 mm LCP were used) were applied to the 
ventral or lateral aspect of the mandible 
under visual and fluoroscopic controlb. In-
tact periosteum was left in place. Selected 
combi-holes were filled with 4.5 mm cortex 
screws in neutral or loaded position. 5.0 mm 
self-tapping locking head screws were in-
serted in the remaining combi-holes. A 4.3 
mm drill bit guided by a threaded drill sleeve 
was used to drill the holes for the locking 
head screws. A gentamicin-impregnated 
collagene spongec was applied at the medial 
and lateral aspects of the plate in open frac-
tures. The wound was closed routinely in 
three layers (fascia, subcutaneous tissue, 
skin). Finally, a 1.2 mm tension-band wire 
including the second premolar tooth and the 
incisor teeth was applied using Obwegeser`s 
technique (7) in cases 1, 2 and 3. In case 4, a 
1.2 mm cerclage wire was tightened around 
the affected horizontal ramus and the LCP. 
a Synthes®, Oberdorf, Switzerland. 
b Siremobil Iso C3d, Siemens Medical Solutions,  
Erlangen, Germany. 
c Garamycin®, Essex Chemie AG, Luzern, Switzer-
land. 
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Finally, the upper and lower incisor teeth 
were ground down to prevent occlusal con-
tact of the incisors during mastication.  
Results 
The case details are outlined in Table 1. 
Signalement 
A total of six horses with a history of mandi-
bular trauma were evaluated. There was one 
two-month-old foal and five adult animals 
ranging in age from 12 to 24 years. Breeds 
included one Shetland pony, one Arabian 
and four Warmbloods. There were four fe-
male patients, one gelding and one stallion. 
Fig. 1  
The combi-holes in the 
LCP consist of a threaded 
part (open arrow) for in-
sertion of locking head 
screws (LHS) and an un-
threaded part (arrow) for 
insertion of cortex screws 
(CS). Copyright by 
Synthes, Inc. or its affili-
ates, West Chester, PA, 
USA. 
Table 1 Clinical, radiographic and surgical details of six equine patients suffering from complicated mandibular fractures treated by LCP osteosynthesis. 
Number Signalement 
1 Warmblood, 15 years, gelding 
Fracture configuration 
unilateral, open, displaced and com-
minuted fracture of interdental space  
and caudal part of horizontal ramus 
Implants 
11-hole 4.5/5.0 mm LCP (7 LSH, 3 4.5 mm 
CS) applied to ventral aspect of mandible; in-
traoral 1.2 mm cerclage wire in Obwegeser 
technique 
Postoperative complications 
breakage of cerclage wire, implant  
infection, screw loosening 
Plate removal 
after 2 months 
2 Arabian, 24 years, mare unilateral, closed, oblique fracture of 
mandible in interdental-premolar  
region with marked ventral dislocation  
of the rostral fragment 
12-hole 4.5/5.0 mm LCP (9 LHS, 2 4.5 mm 
CS) applied to ventral aspect of mandible; 
 intraoral 1.2 mm cerclage wire in  
Obwegeser technique 
none not performed 
3 Shetland pony, 13 years, mare unilateral, open, oblique, displaced  
fracture in interdental and premolar  
region 
10-hole 4.5/5.0 mm LCP (2 LHS, 6 4.5 mm 
CS) applied to ventral aspect of mandible; 
 intraoral 1.2 mm cerclage wire in  
Obwegeser technique 
implant infection, osteomyelitis,  
apical tooth root infection 406 and  
407 
after 3 months 
4 Warmblood, 12 years, stallion open, infected comminuted fractures  
of the right vertical ramus with tempo-
romandibular joint subluxation; an  
oblique fracture of the horizontal ramus  
of the right mandible 
7-hole 4.5/5.0 mm LCP (4 LHS, 3 4.5 mm 
CS) at ventral aspect of horizontal ramus; 
14-hole 4.5/5.0 mm LCP (8 LHS, 5 4.5 mm 
CS) at caudal aspect of vertical ramus; 8- 
hole 4.5/5.0 mm LCP (7 LHS, 1 4.5mm CS)  
at caudolateral aspect of vertical ramus;  
1.2 mm cerclage wire around the horizontal 
ramus 
implant infection after 4 months 
5 Warmblood, 18 years, mare closed, severly comminuted fracture  
of right vertical and caudal part of the 
right horizontal ramus 
13-hole 4.5/5.0 mm LCP (8 LHS, 4 4.5 mm 
CS) at caudal aspect of vertical ramus; 9- 
hole 4.5/5.0 mm LCP (7 LHS, 1 4.5 mm CS) 
ventral to caudal part of horizontal ramus 
seroma; postoperative pain; screw  
breakage – shaft fracture of the 2  
most dorsally inserted screws (4.5 mm 
cortex screws) of the caudal plate  
not performed 
6 Warmblood, 2 months, female stable, two-stage, closed fracture at the 
caudal part of the interdental space of  
the right ramus; simple fracture of the  
left ramus; severe right deviation of the 
mandibles associated with malocclusion 
6-hole 3.5 mm LCP (4 LHS, 1 3.5 mm CS)  
applied laterally at horizontal ramus of right 
mandible; 5-hole 3.5 mm reconstruction-LCP 
(5 LHS) applied laterally at horizontal ramus 
of left mandible 
none after 2 months 
LHS = locking head screws; CS = cortex screws. 
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Fracture configurations 
Three horses had a unilateral horizontal 
ramus fracture (Fig. 2). Two of these frac-
tures were open and one was closed. Com-
minution was present in one of these pa-
tients, and the other two horses had marked 
displacement of the fragments. Two horses 
suffered from comminuted fractures of both 
the horizontal and vertical ramus of the 
mandible. One of these patients had open, 
infected fractures (Fig. 3). The foal had a 
stable, two-stage, closed fracture at the cau-
dal part of the interdental space of the right 
ramus and a simple, closed fracture of the 
left ramus, which resulted in severe right 
deviation of the mandibles associated with 
malocclusion. This misalignment required 
corrective osteotomy (Fig. 4). 
Postoperative management 
Postoperative systemic antimicrobial medi-
cation using penicillin and gentamicin was 
routinely continued for five days and non-
steroidal anti-inflammatory drugs were 
given systemically for 10 days after surgery. 
Prolonged postoperative antimicrobial 
medication was given to patients 1, 3 and 4. 
Horses 1 and 3 received a trimethoprim/sul-
phonamide combination orally for four 
weeks, and horse 3 was given marbofloxa-
cine followed by doxycycline orally for six 
weeks based on culture and sensitivity re-
sults. Horse 5 was reluctant to eat in the first 
days after surgery due to postoperative pain. 
This was managed successfully using an in-
travenous continuous rate infusion of mor-
phine, starting at 0.05 mg/kg/h the day after 
surgery with a gradual decrease of the dose 
over four days. 
Fig. 2 Left-40°dorso-lateral – lateral oblique radiograph of case no. 2 at admission (A). Marked dislocation of the horizontal ramus fracture of the right mandible is present. The latero-
lateral radiograph (B) was taken four months postoperatively and demonstrates LCP osteosynthesis with an additional intraoral wire in place. The fracture line is still visible (arrows) but ad-
vanced remodelling indicates progressive healing. 
Fig. 3 Three-dimensional CT reconstruction of the fracture of case 4 (A and B). There is a fracture of the interdental space 
and a comminuted fracture of the vertical ramus of the right mandible (arrows) with subluxation of the temporomandibular 
joint. Postoperative radiographs demonstrate fracture fixation with an LCP and an additional cerclage wire in the rostral area 








Clinical and radiographic follow-up exam-
ination was performed two to eight months 
after surgery in all of the patients and further 
follow-up information was obtained via 
telephone interview of the owners. 
Fracture healing with an excellent func-
tional and cosmetic outcome was achieved 
in all of the patients.  
Complications encountered included: 
seroma formation, screw and wire break-
age, loosening of screws and implant and 
apical tooth root infections. The seroma was 
managed with repeated aspiration and in-
stillation of 250 mg of amikacin. The screw 
breakage was evident on follow-up radio-
graphs three months after surgery and was 
left untreated since fracture healing was 
well advanced and the mandible was stable. 
Implant infection was managed with re-
peated drainage, lavage and prolonged anti-
microbial medication. Loosening of screws 
occurred in association with infection in one 
patient. The screws were re-tightened under 
sedation during debridement of draining 
tracts. Endodontic therapy was performed 
in patient 3 for the treatment of apical infec-
tion of teeth 406 and 407 after fracture heal-
ing had occurred (8). Plate removal was 
required in patients suffering from implant 
infection, in order to achieve resolution of 
infection, and was performed two to four 
months after surgery. In the foal, plates were 
removed two months after surgery in order 
to allow normal growth of the mandible.  
Discussion 
LCP osteosynthesis resulted in an excellent 
functional and cosmetic outcome in all of 
the patients. The majority of mandibular 
fractures in the horse involve the incisive re-
gion and intraoral wiring typically provides 
adequate fixation for this fracture configur-
ation and some fractures of the interdental 
space can also be managed by intraoral ten-
sion-band wiring (7). By contrast, the frac-
ture configurations in this case series were 
complicated in terms of more caudal lo-
cation, comminution, instability, displace-
ment or stable malalignement. Additionally, 
two fractures were open and one was in-
fected. This required a different fixation 
technique and a variety of systems have 
been described (2). A biomechanical in vitro 
study has shown that plate fixation provides 
the most stable fixation construct (3). How-
ever, only the DCP system was evaluated. In 
equine orthopaedics and traumatology, 
DCP or LC-DCP were until now the most 
commonly used plates. However, mandibu-
lar fractures represent a challenge to plate 
fixation for several reasons. Usually, only 
one plate can be implanted and it cannot be 
placed on the dorsal tension surface of the 
mandible. Additionally, tooth roots interfere 
with screw placement or limit screw-length 
and the limited thread-bone contact results 
in a relatively weak screw-bone interface.  
The LCP represents a new internal fix-
ation concept (9) and it is equipped with 
combi-holes that allow the insertion of con-
ventional cortex screws or locking-head 
screws with a conically threaded head. The 
locking mechanism creates a fixed angled 
system thus providing axial and angular sta-
bility (10). In our patients, a combination of 
locking-head screws and cortex screws was 
used. Cortex screws are inserted in the 
combi-holes in order to press the plate 
against the bone, provide axial interfrag-
mentary compression or to exert a lag effect 
across a fracture plane. Additionally, cortex 
screws can be inserted at different angles 
relative to the plate while locking-head 
screws must be inserted exactly perpendicu-
lar to the plate (11). Biomechanically, LCP 
constructs have higher yield strength and 
significantly longer survival under cyclic 
loading than DCP or LC-DCP plates (12, 
13). Other studies have demonstrated bio-
mechanical advantages of the LCP versus 
non-locked plate-screw fixation in osteopo-
rotic bone (14). The LCP has been available 
for clinical use in humans since 2000 and a 
case report on its successful use in a horse 
was published in 2001 (6). However, the 
first case series on LCP application in 
equine fractures and arthrodeses procedures 
has only recently been published and does 
not include mandibular fractures (15).  
In this case series, LCP osteosynthesis pro-
vided sufficient mechanical stability to allow 
fracture healing, even in the face of infection. 
An important advantage of the LCP system is 
the fact that monocortical screw insertion is 
sufficient for stable fixation. The shorter 
screw length required plus fluoroscopic con-
trol can avoid damage to tooth roots during the 
repair of mandibular fractures.  
The decision on plate location was based 
on individual fracture configuration, space 
Fig. 4 The preoperative dorsoventral radiograph of case 
no. 6 demonstrates severe right deviation of the mandible 
secondary to a two-stage closed fracture of the right diaste-
ma and a simple fracture of the left diastema (A). After a bi-
lateral corrective osteotomy, LCP osteosynthesis was per-
formed (B). A 6 mm shortening of the mandible relative to 
the maxilla can be recognized. 
A) 
B) 
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available in the bone between the tooth 
roots, and the location of pre-existing 
wounds. To our knowledge, there is not any 
available data regarding the biomechanical 
effects of ventral versus lateral plate posi-
tioning. Since ventral plate application 
means positioning the plate at the compres-
sion side of the mandible, an additional cer-
clage wire was applied dorsally at the ten-
sion side of the bone. The effect of this addi-
tional wire has not been evaluated in bio-
mechanical studies either.  
It has been well documented that compli-
cations are frequently encountered in the 
management of equine mandibular fractures. 
In a retrospective study, DCP osteosynthesis, 
application of an intraoral U-bar, intraoral 
wires or intraoral acrylic splints, were used to 
treat unstable, bilateral or comminuted man-
dibular fractures: 12/14 horses with com-
minuted fractures had long-term compli-
cations after surgery and five developed se-
questra (4). In our patients, the main compli-
cation was implant infection. This only oc-
curred in open fractures and was successfully 
managed with prolonged antimicrobial 
medication, drainage and lavage. Implant in-
fection also typically occurs with the use of 
other implants such as DCP or LC-DCP, es-
pecially in open fractures (16). A persistent 
draining tract remained after plate removal in 
one pony secondary to an apical infection of 
teeth 406 and 407 (17). The roots of these 
teeth were involved in the fracture and there 
was not any interference between the inserted 
implants and these roots. Healing was 
achieved after endodontic therapy (8).  
LCP constructs correspond to the prin-
ciples of biological osteosynthesis by extra-
periosteal application and lack of compres-
sion between the bone and the plate, thus 
avoiding additional devascularization of 
bone fragments (10). This can potentially 
reduce the risk of sequestration. However, in 
the LCP constructs applied in our patients, 
one or several cortex screws were inserted 
into the combi-holes of the LCP. Thus, in 
these areas, the plate was compressed 
against the bone. Despite this, sequestration 
did not occur in any of our patients even 
though the periosteum in comminuted areas 
was partially destroyed by the initial trauma. 
In our experience, clinical interpretation 
of follow-up radiographs after plate fixation 
of mandibular fractures is difficult, both in 
terms of progression of fracture healing and 
sequestrum formation. There is often exten-
sive remodelling callus, especially in cases 
with infection of the implant and the sur-
rounding bone and it is practically imposs-
ible to conclude whether a fracture is stable 
and implants can be removed, or if seques-
tration will finally occur.  
In conclusion, LCP osteosynthesis pro-
vided stable fixation allowing fracture heal-
ing and an excellent functional and cosmetic 
outcome in all of the patients. Infection of 
the implant should be anticipated in open 
fractures, as occurs with other implants, but 
it can be controlled long enough in order to 
allow fracture healing. Therefore, apart 
from the greater cost of the LCP system, this 
implant seems to be suitable for osteosyn-
thesis of complicated equine mandibular 
fractures. Further studies, including larger 
case numbers and a prospective design, are 
necessary in order to substantiate these 
findings.  
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